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Abstract: An impairment of the activated protein C (APC) system has been occasionally reported in breast cancer 
(BC). However, the clinical significance and prognostic value of an impaired APC functionality in BC patients is still 
poorly understood. Thus, the present study was aimed at investigating the prognostic value of altered APC func-
tionality for progression-free (PFS) and overall survival (OS) in a cohort study of BC patients. APC functionality was 
retrospectively analyzed by a coagulation inhibition assay (ThromboPath) in 290 consecutive patients with primary 
(n=246) or relapsing/recurrent (n=44) BC. All patients were prospectively followed for a median time of 3.5 years 
(14% recurrence rate). As control group, 145 age-matched healthy women were also investigated. The results ob-
tained demonstrated that APC function was impaired in roughly 20% of all BC at baseline. BC women with stage 
I/II had a significantly lower rate of APC impairment (13%) than women with stage III (22%) or distant metastases 
(44%, p=0.001). At univariate analyses, an impairment of APC function had a negative prognostic impact in terms 
of PFS (5-year PFS rates 53% vs. 70%; HR=2.5; p<0.001) and OS (5-year OS rates 79% vs. 93%; HR=3.9; p=0.005). 
However, prognostic significance was retained in multivariate models only for PFS (HR=2.0; p=0.017). We may, thus, 
conclude that BC patients are in a prothrombotic condition, which could play a role in the progression of the disease. 
Monitoring coagulation changes in BC women could provide important prognostic information especially in patients 
with advanced stages.
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Introduction

Nowadays, it is widely recognized that the host 
haemostatic system may play functional roles 
in breast cancer (BC) progression by shaping 
the tumor microenvironment through tissue 
factor (TF) expression, leading to thrombin gen-
eration and thrombin-dependent fibrin deposi-
tion [1, 2]. In this context, TF - expressed by 
either tumor or host vascular cells - has been 
proposed to regulate epithelial-to-mesenchy-
mal transition, thus establishing the tumor  
cell premetastatic niche [2]. Furthermore, TF- 
induced thrombin generation and fibrin deposi-

tion have been directly implicated in BC cell pro-
liferation, neoangiogenesis and metastatic 
spread [3, 4].

Other factors, beside TF expression, might play 
a role in cancer-associated coagulation activa-
tion, i.e., an unbalance of host endogenous 
anticoagulants [5, 6]. An impairment of the acti-
vated protein C (APC) system, for instance, has 
been occasionally reported in cancer patients 
[7-10], possibly related to acquired defects in 
the PC anticoagulant system caused by cyto-
kines either produced by cancer cells or gener-
ated by the acute-phase reaction associated 
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with cancer [10]. However, the clinical signifi-
cance and prognostic value of APC resistance 
(APCr) in BC patients is still poorly understood.

Therefore, we hypothesized that acquired APCr 
might be associated with a poor clinical out-

come in BC patients. Accordingly, the present 
study was designed to investigate the prognos-
tic significance of an impairment of the APC 
system for progression-free survival (PFS) and 
overall survival (OS) in a prospective cohort of 
BC women. Furthermore, since BC is a highly 
heterogeneous disease, characterized by dif-
ferent prognosis and treatment options, de- 
pending on hormone receptor (HR) status and 
human epidermal growth factor receptor 2 
(HER2) expression [11], we analyzed the possi-
ble associations of APC functionality in sub-
groups of patients characterized by more 
aggressive tumor phenotypes, such as HER2-
negative, or triple-negative BC (TNBC).

Patients and methods

Patients

The PTV Bio.Ca.Re. (Policlinico Tor Vergata 
Biospecimen Cancer Repository) and the 
Interinstitutional Multidisciplinary Biobank of 
the IRCCS San Raffaele Pisana (SR-BioBIM)  
are actively involved since January 2007 in the 
recruitment of out-patients with primary or met-
astatic cancer, who are prospectively followed 
under appropriate Institutional ethics approval, 
as part of a Clinical Database and Biobank proj-
ect. Among these, a cohort of 290 consecutive 
BC patients, who were not receiving concomi-
tant treatment with anticoagulant and/or anti-
platelet drugs, was selected for this study.

BC was staged according to the TNM classifica-
tion. Two hundred and fifty women with primary 
BC underwent surgery (29% mastectomy, 71% 
lumpectomy). The remaining 40 patients had 
relapsing/metastatic disease and entered the 
study prior to chemotherapy start. Neoadjuvant 
chemotherapy was instituted in 50 (17%) wo- 
men. Adjuvant chemotherapy regimens - both 
anthracycline (n=138) and non-anthracycline 
(n=14) containing - were instituted in 152 (53%) 
women (87 with and 65 without lymph node 
involvement). Forty-five women with node-neg-
ative disease underwent adjuvant endocrine 
therapy only (tamoxifen or aromatase inhibitor). 
Fifty-nine patients underwent radiotherapy 
either alone or in combination. First-line che-
motherapy was instituted in all metastatic 
patients. Patients with HER2/NEU positivity 
were all treated with trastuzumab-containing 
regimens. HER2/NEU positivity was defined 
according to the American Society of Clinical 

Table 1. Clinical characteristics of breast 
cancer (BC) patients

BC (n=290)
Age (years)
    Mean ± SD (range) 57±13 (29-88)
Menopausal status
    Pre 132 (46%)
    Post 158 (54%)
Histological diagnosis
    Ductal 255 (88%)
    Lobular 27 (9%)
    Othera 8 (3%)
Molecular type*

    Basal-like triple-negative 39 (13%)
    Luminal-like A 104 (36%)
    Luminal-like B 136 (47%)
    HER2 pos 11 (4%)
Grading
    1 18 (6%)
    2 95 (33%)
    3 177 (61%)
Stage
    I 69 (24%)
    II 105 (36%)
    III 72 (25%)
    IVb 4 (1%)
    Metastaticc 40 (14%)
Receptor status
    ER+/PR+ 205 (71%)
    ER+/PR- 28 (10%)
    ER-/PR+ 6 (2%)
    ER-/PR- 51 (17%)
HER2/NEU+ 51 (18%)
Ki67 proliferation index ≥20% 197 (68%)
Follow-up (years)
    Median (range) 3.5 (0.11-7.95)
aIncluding: mucinous (n=5), papillary, tubular, comedo-
carcinoma (one each). bSingle metastatic site radically 
resected. cDiagnosed in previously resected BC patients.  
*Clinicopathological determination was based on estro-
gen receptor, progesterone receptor, HER2, and Ki-67, 
according to St. Gallen Consensus Conference [25]. ER: 
estrogen receptors; PR: progesterone receptors; HER2: 
Human Epidermal Growth Factor Receptor 2.



Activated protein C function in breast cancer

1452 Am J Cancer Res 2016;6(6):1450-1457

Oncology - College of American Pathologists 
(ASCO-CAP) guidelines [12]. Immunohistoche- 
mical detection of Ki67 was performed as pre-
viously described [13]. A cut-off value of ≥20% 
was used in all association analyses, according 
to the latest recommendations of the St Gallen 
International Expert Consensus [14].

All patients were prospectively followed for a 
median time of 3.5 years. Patients’ characteris-
tics are summarized in Table 1. The study was 
performed in accordance with the principles 
embodied in the Declaration of Helsinki. All 
patients gave written informed consent, previ-
ously approved by our Institutional Ethics 
Committees.

Blood sampling and laboratory tests

Samples from all BC patients were obtained at 
baseline prior to any treatment. Citrated plas-
ma (3.8%, 1:9, v:v) for APC functionality deter-
mination was obtained by a 10-min centrifuga-
tion at 1,500×g at 4°C. Samples were aliquoted 
and stored at -80°C in the facilities of the PTV 
Bio.Ca.Re. or of the SR-BioBIM. Storage condi-
tions were carefully maintained and aliquots 
were limited to one freeze-thaw cycle at the 
time of batch analysis.

APC functionality was assessed by HemosIL 
ThromboPath (ThP, kindly provided by IL, 
Orangeburg, NY) using an ACL-TOP automated 
coagulometer (IL, Lexington, MA) as previously 
reported [15]. Test results are expressed as  
the Protac-Induced Coagulation Inhibition per-
centage (PICI%). A locally-defined cutoff value 
was determined by ROC analysis of the value 
distribution recorded in all patients and in 145 
unrelated age-matched women recruited in a 
2:1 ratio from apparently healthy individuals 
enrolled in the SR-BioBIM (mean age 57±12, 
ranging from 28 to 86 years, 53% postmeno-
pausal). Cutoff was set at 80% PICI%. All sam-
ples with PiCI% below this value were catego-
rized as pathologic. Measurements were ascer-
tained while blinded to the sample origin.

Statistical analysis

Given the observed ThP means for patient (µ1) 
and control (µ2) groups and using a type I error 
probability of 0.05, the recruited population 
yielded a statistical power greater than 85%.

Data are presented as percentages, mean ± 
standard deviation (SD), or median and inter-
quartile range (IQR). Student’s unpaired t-test 
and ANOVA test were used for normally distrib-
uted variables. Appropriate non-parametric 
tests (Mann-Whitney U-test and Kruskal-Wallis 
ANOVA and median test) were employed for all 
the other variables. The cut-off values were 
estimated by receiver operating characteristic 
(ROC) curve analyses performed by MedCalc 
Statistical Software version 13.1.2 (MedCalc 
Software bvba, Ostend, Belgium; http://www.
medcalc.org; 2014).

Progression free survival (PFS) was calculated 
from the date of enrollment until relapse or pro-
gression of disease. If a patient had not pro-
gressed or died, PFS was censored at the time 
of the last follow-up. OS was calculated from 
the date of enrollment until disease-related 
death or study end. For administrative censor-
ing follow-up was ended the date of March 
31st, 2015. Survival curves were calculated by 
the Kaplan-Meier method and the significance 
level was assessed according to the log-rank 
test using a computer software package 
(Statistica 8.0, StatSoft Inc., Tulsa, OK). Cox-
proportional hazards analysis was performed 
by a free web-based application (http://statpag-
es.org/) to evaluate the association between 
clinical-pathological variables and PFS. All tests 
were two-tailed and only p-values <0.05 were 
regarded as statistically significant.

Results and discussion

Overall, an impairment of APC functionality was 
observed in all BC patients. Indeed, pre-treat-
ment ThP values were lower in BC (83.8±8.0 
PICI%) compared to controls (85.6±8.0 PICI%; 
Students t test; p=0.014), and gradually de- 
creased with BC stage, being lower in meta- 
static cancer (79.5±11.0 PICI%, Anova test: 
F=5.14, p=0.0005). Specifically, APC function-
ality was impaired at baseline (ThP values 
below the cut-off) in roughly 13% of women 
with stage I/II BC, 22% of patients with stage III 
and 44% of patients with metastatic disease 
(Chi-square=17, p=0.0019). Furthermore, a sig-
nificant association was found between patho-
logical ThP values and larger tumor size (T1/2 
vs. T3/4; 2-tailed Fisher test: p=0.05) or distant 
metastases (2-tailed Fisher test: p=0.0002), 
but none of the BC prognostic factors analyzed 
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in this study. These results are in agreement 
with preliminary findings highlighting a link 
between the APC pathway and BC [7, 13], and 
suggest that tumor burden, rather than other 
prognostic factors, might be responsible for an 
impairment of APC functionality in BC patients, 
possibly arising from tumor cell released 
products.

APC - the main protease of the protein C antico-
agulant pathway [16] - may play an important 
role in balancing the pro-metastatic effects of 

might be associated with a poor clinical out-
come in BC patients, we investigated the prog-
nostic significance of APC functionality for PFS 
and OS in our cohort of BC women. During a 
median follow-up of 3.5 years, 216 of 250 
(86%) primary BC patients remained clinically 
free of disease, while 34/249 (14%) had recur-
rence or new primary breast cancer (one sec-
ond primary BC after one year). Among patients 
with relapsing metastatic BC, 10/40 (25%) had 
a complete/partial response during chemother-
apy, while 30/40 (75%) had BC progression. An 

Figure 1. Kaplan-Meier curves of (A), progression-free and (B), overall sur-
vival of patients with breast cancer. Comparison between patients with nor-
mal (dotted line) or pathologic (solid line) APC function evaluated by Throm-
boPath assay.

thrombin generation initiated 
by tumor cell-expressed TF. 
Indirect evidence of an active 
involvement of the PC path- 
way in cancer cells invasive 
behavior stems from experi-
mental evidences that BC cells 
expressing PC inhibitor have 
decreased invasive activity in 
vitro [17]. Furthermore, using 
in vivo animal models, Bezuhly 
et al. demonstrated that treat-
ment with recombinant human 
APC resulted in a 44% reduc-
tion in lung metastases [5], 
and van Sluis et al. reported 
that endogenous APC could be 
effective in limiting cancer cell 
extravasation and metastasis 
[18]. Of interest, it has been 
advocated that, since endothe-
lial PC receptor deficiency has 
minimal effects on metastasis, 
direct neutralization of throm-
bin should represent the domi-
nant mechanism by which met-
astatic spread is prevented 
once tumor cells have entered 
the bloodstream [6]. Although 
there is still much to be done 
to unravel the mechanisms 
underlying the role of APC in 
cancer progression, the finding 
of an impairment of the APC 
function in BC is of particular 
interest in the clinical setting, 
as hypercoagulability might be 
associated with unfavorable 
prognosis [19].

Therefore, based on the hy- 
pothesis that acquired APCr 
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impaired APC function (as evidenced by patho-
logical ThP values) was found in a higher per-
centage of patients who underwent disease 
progression compared to patients with stable 
disease (36% vs. 15%, 2-tailed Fisher test: 
p=0.001).

Univariate Cox proportional hazards survival 
analyses showed that pathological pre-treat-
ment ThP values had a negative prognostic 
value in terms of both PFS (HR=2.5; 95% C.I.: 
1.48-4.26; p=0.0007) and OS (HR=3.7; 95% 
C.I.: 1.41-9.73; p=0.008). The Kaplan-Meier 
PFS and OS curves for the 290 BC patients 
stratified on the basis of ThP values are depict-
ed in Figure 1, demonstrating that an impair-
ment of APC functionality had a negative prog-
nostic impact in terms of both PFS (5-year  
PFS rates 53% vs. 70%; log-rank test=3.51; 

p=0.0005) and OS (5-year OS rates 79% vs. 
93%; log-rank test=2.78; p=0.0054) (Figure 1A 
and 1B, respectively). However, after adjust-
ment for known prognostic variables, signifi-
cance was retained only for PFS (HR=2.71, 95% 
C.I.: 1.51-4.88) (Table 2).

The negative prognostic value of impaired APC 
functionality for PFS was further confirmed in a 
subgroup analysis of primary non-metastatic 
BC patients (log-rank test=1.94, p=0.051) 
(Table 3). Of interest, patients with pathological 
pre-treatment ThP values had worse 5-year 
survival rates mostly in ER/PR positive, HER2/
NEU negative patients and, accordingly, in lumi-
nal-like A (LLA) molecular sub-types (Table 3). 
Clinically, LLA disease has a better prognosis 
than other subtypes, at a point that the relative 
benefit from adjuvant chemotherapy would 

Table 2. Cox proportional hazards survival regression analysis of the predictive value of clinical-path-
ological variables and impaired activated protein C (APC) functionality on progression-free (PFS) and 
overall survival (OS) of breast cancer patients

PFS OS
Variable Code N. HR (95% C.I.) p-Value HR (95% C.I.) p-Value
Molecular type Basal like TN 39

LLA 104
LLB 136

HER2 pos 11 0.51 (0.31-0.81) 0.0051 0.55 (0.15-1.93) 0.347
Stage of disease I 69

II 105
III 72
IV 4

Metastatic 40 1.76 (1.10-2.81) 0.018 4.22 (1.58-11.2) 0.004
Estrogen receptors Negative 56

Positive 234 0.71 (0.31-1.64) 0.422 1.84 (0.24-14.4) 0.561
Progesterone receptors Negative 79

Positive 211 1.78 (0.79-4.00) 0.162 0.85 (0.21-3.45) 0.822
HER2/NEU status Negative 239

Positive 51 0.70 (0.32-1.51) 0.361 0.56 (0.11-2.95) 0.496
Ki67 proliferation index Low 93

High 197 2.08 (1.04-4.16) 0.040 1.53 (0.32-7.45) 0.597
Type of treatment

Neoadjuvant 50 6.32 (2.08-19.2) 0.001 0.68 (0.05-8.84) 0.767
Hormone CT 45 1.84 (0.69-4.90) 0.223 0.38 (0.04-3.91) 0.413
Adjuvant CT 152 2.05 (0.72-5.85) 0.181 0.00 (0.00-3.97) 0.960
Metastatic 44 9.57 (1.83-49.9) 0.007 0.37 (0.02-7.68) 0.521

Impaired APC function No 232
Yes 58 2.71 (1.51-4.88) 0.001 1.53 (0.45-5.25) 0.499

C.I.: Confidence interval; HR: Hazard ratio; ER: estrogen receptors; PR: progesterone receptors; HER2: Human Epidermal 
Growth Factor Receptor 2. Numbers in parentheses represent percentages. CT: chemotherapy.
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translate into very small absolute benefits, 
which may not outweigh the risks [20]. However, 
the results here reported demonstrated a 
5-year PFS of 50% for LLA patients with patho-
logical ThP values prior to treatment, compared 
to 83% of LLA patients with a normal ThP (log-
rank test=3.86; p<0.0001). These finding was 
also confirmed in a sub-set analysis of early 
stage LLA (5-year PFS rates 64% vs. 90%; log-
rank test=2.76; p=0.006). Thus, whilst adju-
vant chemotherapy would not be generally indi-
cated in early stage LLA, it may still be consid-
ered in those individuals with large tumors and 
impaired APC functionality at time of diagnosis. 
While evidence for basing chemotherapy choic-
es on subtype remains insufficient, particularly 
the case for the LLA subtype [20], nonetheless, 
the results here reported demonstrate, for the 
first time to our knowledge that the evaluation 
of APC functionality might be of prognostic 
value in predicting PFS in BC cancer patients. 
On the other hand, the finding of an unbalance 
in the endogenous anticoagulant pathway has 
important clinical implications in BC care and 
treatment, given that chemotherapy [21-23] or 
hormone-therapy [24] could further contribute 
to acquired APCr in BC patients.

There are, of course, some limitations to 
acknowledge. First of all, this study was a retro-
spective analysis, although all eligible consecu-
tive patients within the designated timeframe 
were included. Moreover, recruitment was 
mono-institutional, which might have posed 

further limitation as the primary and most obvi-
ous shortcoming of single-centre studies is 
their potentially limited external validity. None- 
theless, the data here reported demonstrate 
that BC patients are in a prothrombotic condi-
tion possibly due to an imbalance of the APC 
pathway, which might foster the progression of 
the disease. Monitoring APC function in BC 
women could also provide important prognos-
tic information especially in particular subset of 
patients. Whether anticoagulation might limit 
cancer progression and prolong the life expec-
tancy of BC patients, still remains a matter for 
further debate, as does the potential therapeu-
tic use of recombinant APC, or protein C con-
centrates, in selected subgroups of cancer 
patients.
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